JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. Here we show that experimenter-induced uncertainty also applies in plant ecology, with potentially dramatic consequences for field biologists. We tested whether the simple act of visiting marked plants once per week for eight weeks influenced the intensity of herbivory experienced by six plant species in an old field community. Half of the plants were touched once per week to simulate taking morphological measures, while the other half were left undisturbed (neither visited nor touched). After eight weeks, visitation resulted in (1) decreased leaf damage by insects on one species, (2) increased leaf damage on a second species, (3) a marginally significant increase in survival for a third species, and (4) no effect on the remaining three species. These results serve as an important reminder that seemingly benign experimental methods may themselves dramatically affect the performance of experimental subjects. Our results raise concern about studies that use repeated visitation of focal plants either to compare rates of herbivory among species or to investigate some factor that can either directly or indirectly be influenced by the rate of herbivory (e.g., seed production, competition, etc.). Since the six species in our study responded differently to visitation, visitation effects must be accounted for in the design of future field experiments.
INTRODUCTION
Herbivory can alter plant growth (Louda 1984 , Marquis 1984 , population demography (Louda and Potvin 1995) , and community dynamics (Harper 1977 , Coley 1983 , Fritz and Simms 1992 . A variety of factors can influence the rate of herbivore attack, including species identity (Coley 1983 ), leaf age (Coley 1983, Bowers and Stamp 1993) , and resource availability (Coley et al. 1985) . The physical act of measuring herbivory often involves marking individual plants and then following their growth, tissue loss, and/or survival over time (e.g., McEvoy et al. 1993, Louda and Potvin 1995) . In prior, unrelated research in an old field (Cahill 1999 ) and a forest understory community (B. Casper, unpublished clcdtca), we noticed extremely high rates of attack on plants we had marked, and posited that this could be a function of our repeated visits, rather than Manuscript received I February 2000; revised and accepted 26 May 2000.
-Current address: Department of Biological Sciences, University of Alberta, Edmonton, Alberta, Canada T6G 2E9. E-mail: jc.cahill@ualberta.ca an accurate representation of the "true" strength of herbivory in the system. We hypothesized that visiting plants (which involves walking up to them and taking morphological measures) may alter a variety of factors related to growth and susceptibility to herbivore attack. Visiting plants may make them more attractive to herbivores by (1) making plants more visually apparent by trampling their neighbors and altering herbivore search patterns, or (2) increasing the release of volatile herbivore-attracting chemicals by the plants themselves or by their trampled neighbors (Bolter et al. 1997 Notes: Poa pratensis is native to the northern United States and has also been introduced for hay (Britton and Brown 1970) ; thus, the site of origin for the individuals in this study is unknown. Reported are the total number of blocks that contained the various target species, and the total number of individuals of each species that were tagged. Several blocks contained either 11 or 12 individuals of S. carolinense, resulting in a total of 1 14 plants in only I blocks. availability due to trampling of neighbors (Dudt and Shure 1994), or (3) visitation causes changes in the composition of the herbivore community.
The hypothesis that visitation may alter plant survival or leaf damage caused by herbivores was tested in a field study in which one set of plants was visited weekly for eight weeks, while another set of plants was left alone as a control. Percent survival and the intensity of leaf damage were then compared between visitation treatments for each of six species. This simple experiment is the first to test directly whether the essential act of visiting plants during an experiment alters the performance of those plants. In other words, are ecologists a benign influence on their study system as is generally assumed, or do responses to the act of measuring plants place fundamental limits on the questions that can be addressed? The latter would have obvious parallels to the well-known Heisenberg Uncertainty Principle that recognizes similar limitations in the study of subatomic particles (Heisenberg 1927 ).
METHODS

Study location and local species
The experiment was conducted in a successional grassland community in Chester County, Pennsylvania, USA. The 2.5-ha field site is part of the "Laurels Preserve," owned by the Brandywine Conservancy. Last cut for hay four years prior to this study, the field is dominated by a variety of perennial grasses (e.g., Festuca spp., Dactylis glomerta), Cirsium arvense, Rhus radicans, and Rosa multiflora. During peak summer growth the vegetation forms a dense canopy -1-1.5 m in height, with <20% of the available light reaching the soil surface (Cahill 1999) . Since all prior research in this field had been conducted with herbaceous species (Cahill 1997 (Cahill , 1999 , six of the most common herbaceous species in this field were chosen for this study (Table 1) .
Experimental methods
In mid-June, 1998, 12 blocks of various sizes (ranging from -400 m2 to 1600 M2) were established along both sides of a mowed path running through a relatively small part of the field (1 ha). Block boundaries were chosen arbitrarily, and were not based upon obvious differences in species composition, stem density, or physiognomy. Within each block, up to 10 plants of each target species were chosen by marking individuals as they were encountered. Depending upon the species, either the main stem, a separate ramet, or an individual tiller was tagged. Target plants were usually separated by at least a meter from the nearest target plant of any species, and blocks were separated by at least five meters. Due to natural variation in target species abundances, not all species occurred in every block, and the number of plants tagged per species varied (Table 1) . However, no target species was found in fewer than eight blocks, and in blocks where target species did occur, they averaged 9.75 individuals per species (Table   1) .
We selected six blocks to receive weekly visits, while the remaining six blocks were left as unvisited controls. Because it was necessary that we maintain the visited and unvisited treatments in spatially segregated areas, we applied the same treatment to all target plants within a block. We assigned treatments to blocks using the criteria that (1) roughly equal numbers of each species be apportioned to each treatment, (2) the two treatments be equally represented on either side of the mown road, and (3) no more than two contiguous blocks receive the same treatment. When plants were visited, they were stroked once from base to tip, with care taken not to damage the plant body. This handling was similar to what occurs when one takes repeated morphological measures on focal plants (e.g., height, leaf number, etc.).
After eight weeks, survival and leaf area lost to herbivores were recorded. Leaf area loss was measured using visual estimation on a scale of zero to three, with "O" representing <5% of the leaf area missing, "1'" = 6%-25% missing, "2" = 26%-75%, and "3" = >75% of leaf area missing. At the beginning of the study, most plants would have scored a zero, and no plant would have scored greater than one. Because we could not conduct the experiment without visiting and handling all plants once at the beginning of the study, we may have underestimated plant response to visitation. 
Statistical analyses
To determine whether visitation affected plant mortality or leaf area removed, mean survival and mean leaf damage were calculated for each species X block combination. Mean survival and mean leaf damage were used as dependent variables in two separate threeway, mixed-model nested ANOVAs, with visitation treatment, species identity, and block serving as independent variables. In both analyses, block was treated as a random variable nested within visitation treatment. Since the design of the experiment was such that individual blocks received only one of the two visitation treatments, blocks, and not individual plants, were the units of replication. Since not all species were located in all blocks, there are missing cells within the ANOVA. As is appropriate for models with missing cells, Type IV ss were used (SPSS 1998). Post hoc analyses comparing means between visitation treatments for each species were conducted using Least Significant Difference (LSD) tests. We corrected our experimental error rate for multiple comparisons (i.e., two dependent variables X six species = 12 comparisons) using the Dunn-Sidaik procedure (P < 0.0042 -P < 0.05 for 12 comparisons). All analyses were conducted using the GLM procedure of SPSS 9.0 (SPSS 1998). Only a single individual of S. carolinense was tagged in Block 1. Since it is not appropriate to calculate an average response within a block based on a single individual, the data from that block for that plant were excluded. The results of ANOVA were not affected by excluding that single data point.
RESULTS
Visiting and handling plants significantly influenced the intensity of herbivory experienced by the target plants. The effects of visitation were not consistent among species, as evidenced by a significant species X visitation treatment interaction in the analysis of mean leaf area removed (Fig. 1, Table 2 ). In post hoc tests contrasting the visited and control treatments for each species separately, we found that visitation significantly altered rates of herbivore for two of the six (Table 1) , there are some missing cells in the ANOVA. As is appropriate for models with missing cells, Type IV ss was used (SPSS 1998). Expected mean squares and df were calculated using a modification of Hartley's method of synthesis for the analysis of mixed models (SPSS 1998). Using this method, the error term over which the main treatment effect was tested was calculated as 0.949 Ms(Block(TRT)) + 0.0511 Ms(Error). In this nested design, the Species X Block(TRT) interaction was not replicated and was, in fact, the residual error of the model. species tested. Visitation caused an increase in the amount of leaf area loss for Apocynum cannabinum, and a decrease in leaf area loss for Potentilla recta (Fig. 1) . There is a trend for mortality rates of Linaria vulgaris to decrease with visitation (P < 0.05; Fig. 1) ; however, this effect was not significant when P values were corrected for the twelve post hoc tests conducted (P > 0.0042). Blocks were not a significant effect in either ANOVA (Table 2) .
DISCUSSION
Weekly visitation significantly altered leaf damage in two of the six species tested in this study. Importantly, visitation did not affect all species similarly, as one species benefited, one was harmed, and four others were not affected. Our results suggest that the findings of Heisenberg (1927) Although two, and perhaps three, species exhibited visitation effects, there does not appear to be any clear pattern as to what traits would make an individual species more or less likely to be affected by visitation. For example, of the two species exhibiting effects on leaf area removed, one was native and one was introduced (Table 1) . Other native and introduced species of similar growth form were included in the study, but failed to demonstrate any effect of visitation.
Regardless of the specific mechanisms involved in causing the observed visitation effects, our findings have significant implications for field researchers addressing a variety of questions in plant systems. Sound experimental methodology dictates that one isolates the effects of the factor being studied by treating control and experimental subjects as similarly as possible. But what if measuring or even walking up to the subjects changes the results of the study, even before any experimental treatment is applied? Our results suggest that under many circumstances the classic methods of isolating the treatment effect of interest may fail to account for a visitation effect, resulting in misleading results. Because this statement has potentially far reaching consequences for ecologists, we present several hypothetical examples of common questions addressed with field studies, and how a visitation effect may alter the findings.
( (3) What are the population dynamics of species x? Understanding patterns of birth and death requires frequent visitation of natural populations, and it is generally assumed that more accurate demographics occur with more frequent population censuses. However, we show that visitation may alter demographic parameters (e.g., survival). Thus, although repeated visitations may make demographics more precise, they could also be significantly less accurate.
(4) How does competition (or some other ecological process) affect plant performance'? Additional concern is raised in studies that focus on plant response to any ecological factor (e.g., different levels of competition or pollination or nutrient addition) that could potentially interact with visitation to affect plant performance. Experiments manipulating factors known to interact with herbivory specifically, such as competition (e.g., Reader 1992 , McEvoy et al. 1993 , are especially suspect. Importantly, the confounding effect of visitation in manipulative experiments cannot simply be absorbed into the error term of ANOVA if the visitation effect varies with the level of the experimental factor (i.e., there is a statistically significant interaction between them). A "control" where a treatment is applied but plants are not visited is clearly impossible. This problem may be amplified in experiments making comparisons among species or in experiments that manipulate herbivory as one of the experimental factors.
Although questions regarding the mechanisms involved in generating the observed visitation effects are left unanswered by this study, we believe it is clear that field biologists working with plants can no longer assume that their activities in the field do not alter the biology of study organisms. We suggest that, at this point, further study is urgently needed to determine (I ) whether visitation effects are common in a variety of communities, (2) whether the observed effects were due to the act of touching or merely approaching plants, (3) whether visitation alters insect community structure, and (4) whether there exists a "dose response" to visitation (i.e., is there a threshold number of visits at which a visitation effect is likely to be observed'?). In the mean time, we suggest researchers must, at the very least, explicitly determine if their own presence affects the function of their study system. If it does, experimental methods need to be adjusted accordingly. For example, longitudinal studies might be replaced by using several sets of experimental groups each measured at different time intervals. We also reluctantly suggest that for species demonstrating strong effects of visitation (e.g., Apocynurn and Potentilla), some questions simply may not be testable; i.e., that there is, in fact, a fundamental limit to our knowledge of ecological processes (sensu Heisenberg 1927).
